ABSTRACT: The Argon Dark Matter experiment is a ton-scale double phase argon Time Projection Chamber designed for direct Dark Matter searches. It combines the detection of scintillation light together with the ionisation charge in order to discriminate the background (electron recoils) from the WIMP signals (nuclear recoils). After a successful operation on surface at CERN, the detector was recently installed in the underground Laboratorio Subterráneo de Canfranc, and the commissioning phase is ongoing. We describe the status of the installation and present first results from data collected underground with the detector filled with gas argon at room temperature.
Introduction
Astronomical observations suggest the presence in the Universe of a non-luminous and non-baryonic mass excess, presumably composed of a new type of elementary particle. The so-called Weakly Interacting Massive Particle (WIMP) [1] is a leading candidate to describe the excess. WIMPs interact only weakly and gravitationally, and they are expected to scatter elastically on ordinary matter producing nuclear recoils with energies up to few tens of keV [2] . Argon, in its liquid form, represents a promising target, with a favourable form factor and only sensitive to spin-independent interactions. Assuming a WIMP mass of 100 GeV/c 2 and the WIMP-nucleon cross section of 10 −8 pb, the expected rate of nuclear recoil above 30 keV in 1 ton of argon is about 0.5 event/day. Argon is an attractive medium also because it is easily commercially available and cheap, easy to handle and to purify, it is an excellent scintillator, and ionisation electrons can freely drift under the action of an externally applied electric field. Ionising radiation leads to the formation of excited molecular states in either singlet or triplet states, which decay radiatively with fast and slow characteristic times that are largely different, allowing to easily discriminate between the two components. The relative abundance of singlet and triplet states depends on the type of ionising radiation [3] , providing a tool for the background rejection. In addition, the phenomenon of charge recombination, also dependent on the type of radiation (ionisation density), transforms ionisation electrons into scintillation light [4] , giving yet another powerful discriminant of nuclear recoils (induced by neutrons or WIMPs) against electron recoils (induced by gamma and beta decays). The ionisation charge arising from a few keV nuclear recoil needs a stage of amplification before being read out. This is obtained extracting the electrons from the liquid into the vapour argon (hence double phase technology) [5] where, by means of an intense enough electric field, drifting electrons can further excite atoms producing secondary scintillation proportional to the amount of primary electrons [6] . In vapour argon it is also possible to directly amplify the charge through the Townsend avalanche in high electric field produced in the Large Electron Multiplier (LEM) [7] , a glass epoxy plate, metal cladded on both sides and perforated in a regular pattern. The Argon Dark Matter (ArDM) experiment [8] is using a ton-scale liquid argon target, operated as a double-phase time projection chamber with imaging and calorimetric capabilities. In the following sections we will describe the detector, the first underground test of ArDM filled with pure argon gas at room temperature, and we will give an estimation of the expected light yield for the liquid argon operation at zero electric field.
The detector
The ArDM experiment is a liquid argon Time Projection Chamber (TPC) with a vapour layer on top of the liquid allowing a double phase charge readout. It was constructed and operated on surface at CERN [9] and transferred underground in the Laboratorio Subterráneo de Canfranc (LSC) starting from early 2012. The actual detector was further improved and updated to make it more suitable for the underground operation. Figure 1 shows the CAD design of ArDM and related infrastructures. The active volume is a cylinder 110 cm long and with a diameter of 80 cm. The uniformity of the electric field is ensured by a series of stainless steel field shaping rings outside the fiducial volume. The proper potential to each ring is provided via a resistor chain. The cathode, at the bottom of the fiducial volume, consists of a transparent stainless steel mesh. Analogously, two grids made out of parallel 100 µm diameter stainless steel wires, delimit the fiducial volume at the top. These grids provide an electric field high enough to efficiently extract the drifting electrons into the vapour phase and produce the secondary scintillation. The light readout consists of two arrays of twelve 8" Photomultiplier Tubes (Hamamatsu 5912-02MOD-LRI) arranged in honeycomb pattern. One array is installed below the cathode immersed in liquid argon and the other one in the vapour phase above the extraction grids. The latter is meant to detect both the primary and secondary scintillation. In order to efficiently detect the scintillation light a reflector (Tetratex foils supported by Vikuiti Enhanced Specular Reflector) is installed on the field shaping rings, defining the side of the active volume. Liquid argon scintillation is peaked at 128 nm, making it difficult to be directly detected and reflected. For this reason a wavelength shifter (1,1,4,4-tetraphenyl-1,3-butadiene -TPB) is deposited on the PMT windows and on the reflector via vacuum evaporation. TPB absorbs the light in the VUV region and emits photons with wavelength peaked at 420 nm [10] . Since the TPB deteriorates when exposed to humidity and UV light, the wavelength shifter coatings were renewed before the installation of the detector in LSC. The thermodynamic conditions in the main vessel are controlled with two cryocoolers that re-condense the boil off of the liquid argon bath that surrounds the main vessel. In order to ensure the argon purity for the electron drift a recirculation circuit is present: a cryogenic bellows pump pushes the liquid through a copper cartridge, which captures oxygen molecules 1 . A neutron passive shielding, consisting of 50 cm thick polyethylene walls, surrounds the main vessel 2 . The slow control processes (measurement of the vacuum, temperatures, pressures; control of the liquid argon recirculation, cooling and level; steering the high voltages) are monitored and managed by a a Programmable Logic Controller (PLC). For a more detailed report on the status of ArDM one can refer to [11] .
Underground gas test
First data taking at LSC was carried out for two weeks in April 2013 operating the detector filled with pure argon gas at room temperature. The aim of the test was to evaluate the light yield and the background in deep underground environment. A low activity 241 Am alpha source 3 was installed inside the active volume. The source could be moved vertically from the cathode up to the extraction grids along the axis of the cylinder. The 5.5 MeV alpha particles provide a well defined amount of scintillation photons in a localised position, so that the light yield as a function of the drift (Z) coordinate can be measured. The data were taken for 5-7 hours/day, limited by the degradation of the purity of the gas argon due to the outgassing of the component of the detector 4 . Therefore, the detector was evacuated during the night and filled with pure gas the next day. The argon quality was constantly monitored from the characteristic time of the scintillation [12] , and the effect is taken into account in the analysis. A VME-based electronics was designed for the data taking in gas. The signals from the 24 PMTs are individually recorded by four CAEN V1720 digitisers (12 bit, 250 MHz). For triggering, the signals of each PMT array are analog summed, and the coincidence within 100 ns of at least two photoelectrons for both PMT arrays is required. Dedicated runs for the PMT calibration were taken using LEDs. The single photoelectron distribution is also obtained from the isolated peaks in the signal tails. The variation of the gain among the PMTs was within ±5% for the entire data-taking period. 
Results
In the following analysis we define the light yield (LY) as the number of photoelectrons contained in both the fast and the slow components of the signal 5 , i.e. the integral over 7 µs of each event's waveform divided by the integral of a single photoelectron pulse. We distinguish the light detected by the top PMT array (LY top ) and the bottom one (LY bot ), and we define the top to total ratio as TTR = LY top /(LY top + LY bot ). Assuming that the scintillation light is emitted isotropically, the TTR is a measure of the Z coordinate of the source. Fig. 2 shows the TTR versus the total LY for different source heights. Taking the top left plot as an example, one can identify three regions:
• Events with LY > 2000 p.e., which are due to the alpha particles depositing their full energy in the gas argon.
• Events with TTR < 0.3 and LY < 500 p.e., which are due to the alpha particles hitting the source holder and, therefore, depositing only a fraction of the energy in the gas argon 6 .
• Events with TTR > 0.3 and LY < 500 p.e., which are due to background events distributed all over the active volume.
Moving the source upwards the TTR of the full energy alpha events increases, i.e. more light is collected on the top PMT array and less on the bottom one. The total collected light varies modestly (within ±10%) with the source position, as shown in Fig. 3 . On average the bottom PMT 5 The scintillation characteristic time and the amount of light depend on the argon purity [12] . In the analysis we correct for this effect extrapolating the light yield to infinite purity. The correction is of the order of 10-30%. 6 The source holder biasses the light propagation: the isotropic approximation is not valid, and the scintillation preferably shines towards the bottom PMT array. We refer the reader to [11] for more details. array detects more light. This is due to the presence of the source holder shadowing partially the top PMT array. The light yield of the newly assembled detector improved notably comparing with a similar test performed on surface at CERN in analogous conditions 7 . At the time the light yield was at most 850 p.e. and significantly dependent on the position of the source, while in the present test we detect about 3000 p.e.. The alpha particles from the 241 Am source used at CERN had the energy peaked at 4.8 MeV, due to a sealing with a palladium layer, in contrast to the present source that delivers alphas with energy of 5.5 MeV. Taking this into account, the gain in the light yield is larger by a factor of three. Using 511 keV photons from a 22 Na source in a previous liquid argon test at CERN with no electric field we measured a light yield of 0.7 p.e./keV ee [13] . Assuming that the improvement in light yield will be unchanged in liquid argon 8 , we expect at least 2 p.e./keV ee for the actual detector in liquid argon with no electric field.
Conclusions
The ArDM detector and its infrastructure have successfully been installed underground at Laboratorio Subterráneo de Canfranc. Data collected with ArDM filled with gas argon at room temperature have allowed the assessment of the performance of the newly rebuilt light detection system. We observe a significant improvement of the light yield and light collection uniformity with respect to 7 The top PMT array was not present at the time. 8 The source holder, that shadows the top PMT array, will not be present in a liquid argon run, therefore the light yield improvement may be better than a factor of three. the detector configuration tested on surface. We estimate a light yield of more than 2 p.e./keV ee with zero electric field in liquid argon operation.
